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Obox genes are preferentially expressed in the ovary, testis and oocyte, and play important roles in
many developmental processes. In this study, we report that Obox4 and Obox6 are expressed in
mouse embryonic stem cells (mESCs) and that Obox4 regulates histone family gene expression in
mESCs. Obox4 protein expressing mESCs formed colonies with a ﬂattened and irregular morphology,
and exhibited decreased expression levels of self-renewal related proteins, such as Oct4 and Sox2, as
well as reduced alkaline phosphatase activity. The results of microarray analysis and siRNA medi-
ated knockdown experiments suggest that Obox4 is an upstream regulator of the histone gene
family.
 2009 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
Obox (oocyte-speciﬁc-homeobox) genes are preferentially ex-
pressed in the ovaries, testes and oocytes [1–3]. Obox genes contain
a homeodomain that encodes a 60-amino acid novel peptide se-
quence with limited homology to other homeodomain protein se-
quences. The Obox gene family consists of six isoforms, Obox1–6,
which share signiﬁcant homology. Homeobox genes play impor-
tant roles in developmental processes by orchestrating gene tran-
scription, either ubiquitously or in a tissue-speciﬁc manner [4,5].
Mice lacking the Obox6 gene grow without morphological abnor-
malities and with normal fertility, indicating a functional redun-
dancy among the Obox family members [2]. Considering the
known roles of homeobox genes, it is plausible to hypothesize that
Obox genes play crucial roles during embryogenesis.
Embryonic stem cells (ESCs) are pluripotent cells derived from
the inner cell mass of the blastocyst and are a useful tool for eluci-
dating the molecular mechanisms of early embryonic development
[6]. Studies in several systems indicate that pluripotent ESCs are
characterized by a dynamic global chromatin structure thatchemical Societies. Published by E
institute, 606-16 Yeoksam1-
. Fax: +82 2 538 4102.accommodates the transcriptional machinery. The euchromatin
of ESCs is less compact and accumulates in highly condensed,
transcriptionally inactive heterochromatic foci upon differentia-
tion [7–9]. In addition, there is a signiﬁcant increase in the level
and incorporation of repressive trimethyl histone H3 lysine 9
(H3K9me3) into chromatin during differentiation [8,9]. Biochemi-
cal and ﬂuorescent recovery after photo-bleaching (FRAP) analyses
reveal that histone proteins, as well as heterochromatin protein 1
(HP1), are hyper-dynamically bound in ESCs [8]. Upon differentia-
tion, they become more stably associated with chromatin. This
indicates that the transcriptional proﬁles associated with the plu-
ripotency of ESCs are most likely maintained by an open arrange-
ment of chromatin that becomes more compact and recessive
following differentiation. Of particular interest are recent studies
indicating that key lineage-control genes in ESCs are characterized
by ‘‘bivalent” histone modiﬁcations, which are unique mechanisms
that maintain pluripotency as well as permit activation upon initi-
ation of ESC differentiation [10,11]. Therefore, elucidation of the
regulatory mechanism of chromatin remodeling in ESCs will en-
hance our understanding of changes in the gene expression proﬁles
that regulate the balance between pluripotency and differentiation
in ESCs.
By performing reverse transcription polymerase chain reaction
(RT-PCR), we detected signiﬁcant levels of Obox4 and Obox6 tran-
scripts in mESCs. The expression pattern of Obox4 and Obox6 inlsevier B.V. All rights reserved.
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a crucial role during the initiation of differentiation in mESCs. We
show here that: (1) Expression of Obox4 protein disrupts the self-
renewal activity of mESCs, (2) Obox4 is an upstream regulator of
the histone gene family implicated in chromatin remodeling, and
(3) genes regulated by Obox4 are activated during EB formation.
2. Materials and methods
2.1. Reagents, cell culture and transfection
mESCs (J1) were purchased from the American Type Culture
Collection (Rockland, MD, USA). Undifferentiated cells were
cultured on gelatin-coated dishes in Dulbecco’s modiﬁed Eagle
medium (DMEM; Life Technologies, Rockville, MD, USA) supple-
mented with 2 mM glutamine (Life Technologies), 0.001% b-
mercaptoethanol (Life Technologies), 1 non-essential amino acids
(Life Technologies), 10% donor horse serum (Sigma, St. Louis, USA),
and 1000 U/ml human recombinant leukemia inhibitory factor
(LIF; R&D Systems, Minneapolis, USA) as described elsewhere
[12]. To induce mESC differentiation, mESCs were cultured in LIF-
deﬁcient ESC medium (as described above) with 100 nM all-trans
retinoic acid (RA). To form EBs, mESCs were trypsinized to achieve
a single-cell suspension and subsequently cultured on uncoated
petri dishes in ESC mediumwithout LIF. Media were changed every
2 days for mESC culture or differentiation. For the transient trans-
fection of plasmid DNA, cells were seeded onto 0.1% (v/v) gelatin-
coated dishes and plasmid DNA was transfected with lipofect-
amine four hours after seeding, according to the manufacturer’s
instructions.
2.2. Genetic modiﬁcation of mESCs
Obox4 cDNA (1.4 kb or 1.9 kb) was ampliﬁed by PCR (forward
primer: atg gga tcc atg tcc aaa gat tcc tcc ttg c, reverse primer:
atg gat atc cta tag aga cat cat ggc atc) with cDNAs prepared from
EB or mESCs, respectively. To create mESCs that express Obox4
protein, mESCs were stably transfected with an Obox4 expressing
plasmid and the expression level of Obox4 was analyzed by immu-
noblot analysis. The Obox4 expressing plasmid was constructed by
ampliﬁcation of Obox4 cDNA (GenBank accession number:
XM_001472790) by PCR using EB transcripts as a template. The
1.9 kb Obox4 cDNA ampliﬁed from transcripts of mESCs was cloned
in frame with GFP and cloned into a modiﬁed pcDNA3.1/Zeo (Invit-
rogen, Carlsbad, CA) in which the CMV promoter was replaced with
the EF1a promoter. The EF1a promoter was ampliﬁed from the
pEF1 plasmid (Invitrogen) by PCR (forward primer: atg tcg cga
aag gag tgg gaa ttg gct ccg gtg, reverse primer: atg gga tcc cat tca
cga cac ctg aaa tgg aag) and subcloned into NruI-BamHI site of
pcDNA3.1/Zeo. This construct was designated as the Obox4-GFP
plasmid. Three siRNAs that target the Obox4 transcripts (50-CGG
UGC AAA AUU UGA UGC A-30, 50-GAA UCU UCG UGU GAC AUA C-
30, and 50-GAG AAC UUU CCA GGG AAC C-30) were synthesized by
Bioneer, Inc. (Daejeon, Republic of Korea). To achieve knockdown
of Obox4, mESCs were seeded onto 0.1% (v/v) gelatin-coated dishes
and transfected with siRNAs four hours after cell seeding. Cells
transfected with FITC-labeled non-speciﬁc siRNA were used to
establish basal mRNA expression levels. Cells were collected 72 h
after transfection for further analysis.2.3. RNA extraction and real-time PCR
Total RNA was extracted from mESCs or EBs using TRIzol (Invit-
rogen), and 2–5 lg of total RNA was reverse-transcribed using the
SuperScriptII™ First-Strand Synthesis System (Invitrogen), accord-ing to the manufacturer’s instructions. Real-time PCR was carried
out on cDNAs with the Quantitect SYBR Green PCR kit (Qiagen,
Valencia, CA, USA). Reactions were performed in triplicate using
an Exicycler™ 96 real-time quantitative thermal block (Bioneer,
Daejeon). For quantiﬁcation, target gene expression was normal-
ized against that of the glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH) gene. The PCR primers used in this study are listed
in Supplementary Table 1.
2.4. Anti-Obox4 antibody production and puriﬁcation
Rabbit polyclonal anti-sera were prepared using a synthetic
peptide of the Obox4 protein (amino acid residues: NH2–
CEIYQKNTRSKKQRKET–COOH). The peptide was coupled to the
immunogenic carrier protein keyhole limpet hemocyanin (KLH)
via an additional C-terminal cysteine, using the N-(-maleimidobu-
tyryloxy)-succinimide ester (GMBS) conjugation method. Immuni-
zation with conjugated peptides and sampling of rabbit anti-sera
were performed by a commercial facility (LabFrontier, Suwon, Kor-
ea). Crude serum was applied to a peptide-linked afﬁnity resin and
anti-Obox4 IgG was eluted with 100 mM glycine (pH 2.5), followed
by neutralization with 1 M Tris–HCl (pH 8.0).
2.5. Immunoblotting
For protein analysis, cells were washed twice with cold phos-
phate buffered saline (PBS), lysed with tissue lysis buffer (TLB;
20 mM Tris–base, pH 7.4, 137 mM NaCl, 2 mM EDTA, 1% Triton
X-100, 25 mM b-glycerophosphate, 2 mM sodium pyrophosphate,
10% glycerol, 1 mM sodium orthovanadate, 1 mM phenylmethyl-
sulfonyl ﬂuoride (PMSF) and 1 mM benzamidine) and centrifuged
at 20 000g to clarify the lysates. Whole-cell extracts were pre-
pared and 20–50 lg of protein was resolved by SDS–PAGE and
Western blotting using antibodies against Obox4, Obox6 (sc-
133861, Santa Cruz), Oct4 (ab19857, Abcam, Cambridge, UK),
Sox2 (sc-20088, Santa Cruz), a-tubulin (sc-30169, Santa Cruz),
and b-actin (sc-47778, Santa Cruz).
2.6. Microarray analysis
Total RNA was extracted using TRIzol (Invitrogen) and biotinyl-
ated cRNA was prepared from 0.55 lg total RNA using the Illumina
TotalPrep RNA Ampliﬁcation Kit (Ambion, Austin, TX, USA) follow-
ing the manufacturer’s instructions. Following fragmentation,
1.5 lg of cRNA was hybridized to the Mouse WG-6 Expression
Beadchip according to the manufacturer’s instructions (Illumina,
Inc., San Diego, CA). Arrays were scanned with an Illumina Bead Ar-
ray Reader Confocal Scanner according to the manufacturer’s
instructions. Array data processing and analysis were performed
using Illumina BeadStudio v3.1.3 (Gene Expression Module v3.3.8).
2.7. Alkaline phosphatase activity
To measure alkaline phosphatase activity, cells were washed
with PBS before being treated with alkaline phosphatase yellow li-
quid substrate (Sigma) for 10–15 min at room temperature. For
end-point assays, the reaction was stopped by the addition of 3 N
NaOH solution and substrate conversion was measured at
405 nm on a M680 microplate reader (BioRad, Hercules, CA).
2.8. Pyrosequencing
Genomic DNA (1 lg) puriﬁed from wild-type and Obox4 over-
expressing J1 mESCs was treated with sodium bisulﬁte following
the EZ Methylation Gold KIT™ protocol (Zymo Research, Orange,
CA, USA). After bisulﬁte modiﬁcation of genomic DNA, PCR ampli-
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gen). The PCR conditions were as follows: 95 C for 2 min, 55 C
for 90 s, and 72 C for 60 s (40 cycles). The sequencing primer for
CpG-1 of the B1 element was 50-TGGTGGTGGTTGAGA-30 and the
primer for CpG-2 was 50-TTTGTAGATTAGGTTGGTTT-30. The biotin-
ylated PCR product was then puriﬁed using streptavidin–Sephar-
ose beads (Amersham Biosciences, Piscataway, NJ, USA). The
pyrosequencing reaction was performed using a PSQ 96MA system
and a PSQ SNP reagent kit, as recommended by the manufacturer
(Pyrosequencing, Westborough, MA, USA).
2.9. Statistical analysis
Graphical data are presented as the means ± standard devia-
tions (S.D.s). Statistical signiﬁcance was determined using the
Student’s t-test. Statistical analyses were performed using the
SAS statistical package v.9.13 (SAS Inc., Cary, NC, USA, http://
www.sas.com/).
3. Results
3.1. Obox4 and Obox6 are expressed in mESCs
To determine whether Obox genes are expressed in mESCs, we
began by assessing the levels of Obox transcripts by RT-PCR analy-
sis. As shown in Fig. 1A, Obox4 and Obox6 transcripts were the only
isoforms of the Obox gene family strongly expressed in mESCs and
EBs. However, western blotting showed that the Obox4 protein is
only detected after mESCs had differentiated into EBs (Fig. 1B). Un-
like Obox4, Obox6was expressed at the ESC stage and its expression
was maintained upon EB formation (Fig. 1B). This result indicated
that Obox4 and Obox6 might perform distinct roles in mESCs. Spe-
ciﬁcally, Obox4 might be necessary only after ESCs have differenti-Fig. 1. Obox4 and Obox6 are expressed in mESCs. (A) RT-PCR of six isoforms of the Obox f
and Obox6 proteins in mESCs and EBs. Cell extracts were prepared from mESCs and
differentiation. (D) Immunoblot of Obox4 and Obox6 proteins during spontaneous differ
Tubulin was used as a loading control. All values are means ± S.D. from at least triplica
results based on Student’s t-test analyses.ated into EBs, whereas Obox6 might be involved both in the self-
renewal and differentiation of ESCs. To examine Obox4 and Obox6
expression patterns during ESC differentiation, we induced sponta-
neous differentiation of mESCs by treatment with retinoic acid
(RA). The results of qRT-PCR analysis clearly indicated that expres-
sion of Obox4 signiﬁcantly increased during differentiation,
whereas Obox6 expression levels remained constant (Fig. 1C). The
results of immunoblot analysis were consistent with the qRT-PCR
data (Fig. 1D), supporting that Obox4 plays an important role dur-
ing the differentiation of ESCs. These ﬁndings prompted us to fur-
ther analyze the function of this gene in mESCs.
3.2. Obox4 promotes differentiation of mESCs
Obox4 is predicted to encode a 453-amino acid protein. To clone
the full length Obox4 cDNA into a protein expression plasmid, we
performed PCR with template cDNAs prepared from mESCs and
EBs. Surprisingly, the size of the Obox4 cDNA ampliﬁed from the
mESC transcripts was approximately 1.9 kb, which is approxi-
mately 500 bp larger than expected. In contrast, an Obox4 cDNA
measuring 1.4 kb was ampliﬁed from the EB transcripts (Fig. 2A).
To identify the 1.9 kb transcript detected in mESCs, we cloned
the ampliﬁed cDNA into a pGEM-T vector (Promega, Madison,
WI). DNA sequencing revealed that the 1.9 kb transcript represents
unspliced Obox4, comprised of three exons and two introns
(Fig. S1). This ﬁnding suggests that Obox4 is expressed in mESCs
as a non-functional transcript with intact introns in its coding re-
gion, and that these introns are spliced out during EB formation.
To determine whether these introns are indeed spliced out during
differentiation to give rise to the active Obox4 protein, we fused
GFP to the 1.9 kb Obox4 cDNA (Obox4-GFP) and introduced the con-
struct into mESCs. We then examined ﬂuorescence during RA-in-
duced spontaneous differentiation of mESCs. Fluorescence wasamily using cDNAs from oocytes, mESCs and EBs. (B) Immunoblot analysis of Obox4
4-day old EBs. (C) qRT-PCR of Obox4 and Obox6 transcripts during spontaneous
entiation. Abbreviations: RA-0, RA-2 or RA-3: zero, 2 or 3 days after RA addition. a-
te experiments. * indicates signiﬁcant (P < 0.05) and ** highly signiﬁcant (P < 0.01)
Fig. 2. Obox4 expression induces mESC differentiation. (A) Ampliﬁcation of the coding sequence of Obox4 from cDNAs isolated from mESCs and EBs. (B) Fluorescence
microscopy of differentiated mESCs transfected with the Obox4-GFP plasmid (left). RT-PCR was performed on RA-0, RA-2 and RA-3 mESCs to detect expression of Obox4-GFP
transcripts (right). The primers used in RT-PCR are indicated as ‘‘F primer” and ‘‘R primer” in the diagram. (C) Differentiation of control and Obox4 expressing mESCs was
compared following RA treatment (left panel). Right panel indicates the result of immunoblot analysis of Obox4, Oct4 and Sox2 expression in Obox4 expressing and control
mESCs. a-Tubulin was used as a loading control. (D) Alkaline phosphatase activity of Obox4 expressing and wild-type mESCs. Abbreviations: Control, J1 mESCs; Obox4 O/E,
Obox4 expressing O4-1 cell line (Fig. S2); RA-0, RA-2 or RA-3: zero, 2 or 3 days after RA addition. All values are the means ± S.D. from at least triplicate experiments. *
indicates signiﬁcant (P < 0.05) results based on Student’s t-test analyses. a-Tubulin was used as a loading control.
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indicates that during RA-induced differentiation, introns in the
Obox4 transcript were spliced out and active Obox4 protein was
successfully translated (Fig. 2B, left). The size of the Obox4-GFP
transcript was detected by RT-PCR from mESCs at days 0, 2 and 3
(R0, R2 and R3, respectively) of RA treatment. As expected, a
2.6 kb cDNA, which corresponds to the 1.9 kb unspliced Obox4
fused to the 0.7 kb GFP, was ampliﬁed from RA-0 mESCs, whereas
a 2.0 kb cDNA, which is the size of the spliced 1.4 kb Obox4 fused
to GFP, was ampliﬁed from RA-2 and RA-3 mESCs (Fig. 2B, right).
Because Obox4 proteins are produced after mESCs have differenti-
ated, we investigated whether expression of Obox4 could facilitate
spontaneous differentiation of mESCs. The full length cDNA of
Obox4 was ampliﬁed from EB transcripts and cloned into an
expression plasmid. The Obox4 expression plasmid was then stably
integrated into the chromosome of mESCs. We established ﬁve
stable mESC cell lines that overexpressed Obox4 transcripts and se-
lected two of these lines, O4-1 and O4-2, for further characteriza-
tion (Fig. S2). The expression of Obox4 protein in line O4-1 was
conﬁrmed by immunoblot analysis (Fig. 2C). Expression of Obox4
protein in mESCs altered the morphology of ESC colonies from
round to ﬂat, and facilitated the ‘‘ﬂattening” of ESC colonies upon
RA-induced spontaneous differentiation (Fig. 2C, left). The expres-
sion levels of self-renewal related proteins, such as Oct4 and Sox2,
was lower in Obox4 expressing mESCs than in wild-type cells
(Fig. 2C, right). In addition, alkaline phosphatase assays, performed
to measure self-renewal within these cells, revealed that the levelof self-renewal in Obox4 expressing mESCs was less than half of
that of the control ES cells (Fig. 2D). Taken together, these results
suggest that Obox4 protein expression might disrupt self-renewal
in mESCs.
3.3. Obox4 is an upstream regulator of histone family genes
To further analyze the Obox4 regulatory pathway, we examined
the global gene expression proﬁle of Obox4 expressing mESCs. This
study was performed using the Illumina MouseWG-6 v2 Expres-
sion BeadChip. Duplicated analysis of the O4-1 and O4-2 cell lines
(R2 = 0.8856) revealed that 1400 out of 30 774 genes on the chip
exhibited a fold-change P2 in expression level with a P-
value 6 0.05 (Fig. 3A). The genes of interest were functionally clas-
siﬁed by the Panther system into 30 biological processes (i.e., pro-
cesses in which genes participate) and 28 molecular functions (i.e.,
biological functions of gene products) [13]. From this classiﬁcation,
we observed that histone family genes related to chromatin pack-
aging and remodeling were signiﬁcantly up-regulated in Obox4
overexpressing mESCs (Fig. 3B). These microarray results were
conﬁrmed by qRT-PCR (Fig. 3C). To determine whether activation
of histone family genes is indeed induced by Obox4 expression,
we transfected Obox4 expressing mESCs with Obox4-targeted siR-
NA and looked for changes in transcriptional expression of the
genes listed in Fig. 3B. The expression levels of all 18 genes were
decreased following siRNA induced reduction of Obox4 transcript
levels, indicating that the expression of histone family genes posi-
Fig. 3. Obox4 is an upstream regulator of chromatin structure-related genes. (A) Scatter plots of microarray data from Obox4 expressing mESCs (R2 = correlation coefﬁcients).
The upper and lower red lines represent twofold changes from the regression line. (B) Microarray results of 18 genes that are activated upon Obox4 expression in mESCs and
classiﬁed as related to chromatin packaging or remodeling. (C) qRT-PCR analysis of the expression of 18 histone family genes following siRNA induced reduction of Obox4
expression in Obox4 expressing mESCs. Non-speciﬁc siRNA (siNS) was used as a control. (D) The result of qRT-PCR showing the activation of 18 histone family genes during EB
development. cDNA was prepared from 2-day old EB. (E) Pyrosequencing analysis of the methylation status of CpG-1 and CpG-2 of the B1 element in control or Obox4
expressing O4-1 cell lines [17]. Error bars, S.D.; n = 6. All values are the means ± S.D. from at least triplicate experiments. * indicates signiﬁcant (P < 0.05) and ** highly
signiﬁcant (P < 0.01) results based on Student’s t-test analyses. Abbreviations: Control, J1 mESCs; Obox4 O/E, Obox4 expressing mESCs.
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further explore the effect of histone gene activation by Obox4, we
examined the expression pattern of the genes listed in Fig. 3B early
in EB development. As expected, all of the tested genes were signif-
icantly activated 2 days after EB formation (Fig. 3D). We also con-
ﬁrmed that histone family genes were up-regulated in pooled
clones of Obox4 overexpressing mESCs to rule out the possibility
that the changes in histone family gene expression proﬁles werecaused by clonal variation (Fig. S3). Considering that histone pro-
teins are the building blocks of chromatin and that genomic DNA
is packaged into chromatin following association with histone,
these results present an interesting hypothesis, namely that Obox4
may facilitate the differentiation of mESCs by up-regulating chro-
matin packaging related genes, such as those belonging to the his-
tone family, which eventually leads to changes in chromatin
structure. It is known that chromatin structure affects DNA meth-
610 H.-M. Kim et al. / FEBS Letters 584 (2010) 605–611ylation status and vice versa [14–16]. The degree of methylation of
the B1 element in mouse cells is considered to be an indication of
global DNA methylation status [17]. There are six CpG sites in the
B1 element and the methylation of the CpG dinucleotide repeats,
CpG-1 and CpG-2, can be used for the study of DNA methylation
in the mouse genome [17]. Therefore, the methylation pattern of
the B1 element was analyzed to determine whether Obox4 expres-
sion affected the methylation status of genomic DNA in mESCs. As
shown in Fig. 3E, the degree of methylation of CpG-2 in the B1 ele-
ment was signiﬁcantly decreased in response to Obox4 overexpres-
sion. This result suggests that Obox4 expression does indeed
modulate the methylation status of genomic DNA.4. Discussion
This study clearly demonstrates that Obox4 and Obox6 are ex-
pressed in mESCs and may have different functions and that
expression of Obox4 protein facilitates disruption of the self-re-
newal activity of mESCs during differentiation. It is interesting to
note that Obox4 is expressed as an unspliced transcript in mESCs
and that the introns are spliced out when mESCs differentiate. It
is conceivable that unspliced Obox4 transcripts in mESCs provide
a source of rapidly available active Obox4 protein when necessary.
Considering that chromatin structure dynamics play an essential
role in governing whether cells maintain pluripotency or enter into
differentiation, it is reasonable to hypothesize that Obox4 may
function during the early stages of differentiation. Interestingly,
when the Obox4-GFP plasmid was transfected into NIH3T3 cells,
which do not express endogenous Obox4, ﬂuorescent Obox4 re-
combinant protein was detected (Fig. S4). This suggests the
involvement of a speciﬁc RNA binding protein that prevents the
splicing of Obox4 transcripts in mESCs. It is also possible that the
protein facilitating splicing of Obox4 transcripts is not expressed
in the stages prior to differentiation of mESCs.
It is notable that expression of histone family genes is activated
uponObox4 expression. A large cluster of histone genes, HIST1, is lo-
cated on chromosome 13 in mice, and the 51 histone genes con-
tained in the cluster extend over an area of 2.1 Mb [18,19].
Common regulatorymolecules are likely to be involved in the regu-
lation of clustered histone genes to achieve a high degree of coordi-
nate regulation. Although the results of the microarray analysis and
siRNA knock down experiments demonstrated that Obox4 regulates
the expression of members of the histone gene family, these tech-
niques could not address whether the genes are directly regulated
by Obox4. In future work, it will be important to address the mech-
anism by which Obox4 regulates histone family gene expression
and to identify the sequence of events that lead to ESC differentia-
tion. Another important objective is to determine how activation
of histone family genes contributes to the differentiation process.
Chromatin of pluripotent ESCs is characterized by a permissive
structure that is open to the transcriptional machinery. Upon differ-
entiation, it ismodiﬁed into amore recessive state [8,20]. The results
of recent studies indicate that histonemodiﬁcation is amajor epige-
netic mechanism that regulates gene expression patterns in ESCs
[21–23]. Even though it has not yet been determined whether in-
creased expression of histone variants correlates with the differen-
tiation of ESCs, it can be hypothesized that loosely bound histones
and genomic DNA might be tightened, leading to a more compact
chromatin structure that represses transcription in response to in-
creased expression of histone family genes. In this scenario, archi-
tectural histone proteins would provide the essential building
blocks for the formation of compact and recessive chromatin struc-
ture during ESC differentiation. Further studies should clarify how
regulation of histone gene expression by Obox4 protein is able to
dynamically change chromatin structure upon differentiation.In this study, we propose that the primary role of Obox4 in
mESCs is in remodeling the chromatin structure by regulating
the expression of histone family genes at the onset of differentia-
tion. Consistent with this hypothesis, we were unable to detect
any changes in cell morphology, alkaline phosphatase activity, or
marker gene expression related to self-renewal upon suppression
of Obox4 expression in ESCs (data not shown).
Emerging data indicates that understanding the mechanisms
behind changes in chromatin structure during ESC differentiation
will be important for unlocking their clinical applications. A de-
tailed understanding of the sequential events regulated by Obox4
will help elucidate the dynamics of chromatin structure in the
ESCs.
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